Natural selection during functional divergence to LMP7 and proteasome subunit X (PSMB5) following gene duplication.
The LMP7 and PSMB5 genes were created through an ancient gene duplication event of their ancestral locus. These proteins contain an active site of proteolysis, and LMP7 replaces PSMB5 as a component of the 20S proteasome after stimulation of cells by interferon-gamma. Replacement of PSMB5 by LMP7 changes the profile of the products of 20S proteasome processing, predisposing digested peptides for transport to and display by the immune system. The purpose of this study is to investigate evolutionary forces influencing functional divergence between LMP7 and PSMB5 following duplication. Levels of synonymous and nonsynonymous substitution rates are estimated to infer differences in levels of natural selection. Estimates of substitution rates indicate that natural selection elevated rates of nonsynonymous substitution in LMP7 following gene duplication, whereas PSMB5 experienced an increase in substitution rate that was not likely due to diversifying natural selection following duplication. Following initial divergence, nearly neutral mutations have dominated gene evolution in both lineages. The LMP7 gene locus provides a rare example of a protein with specialized function arising from duplication and divergence of a housekeeping protein by way of natural selection.